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These are certainly interesting facts, but how do they relate to advancements in single-optic accommodating intraocular lenses (ioLs)?
Quite simply, for this generation, the handicap of presbyopia is not an acceptable situation. furthermore, after cataract surgery, this population increasingly expects that they can reduce or eliminate the need for glasses. for a growing number of baby boomers, accommodating ioLs represent an effective choice. clinical studies have demonstrated that accommodating ioLs can reduce or eliminate the need for glasses following implantation, while providing a good range of near, intermediate, and distance vision. finally, because the optic is a either a spherical or aspheric monofocal, patients do not experience the side effects seen with multifocal ioLs, such as glare, halos, and loss of contrast sensitivity. 2 Although the use of accommodating ioLs is on the rise today, the story of these ioLs actually dates back approximately 20 years to when ophthalmologist stuart cumming began to notice that patients implanted with a 10.5mm plate haptic ioL could read even though they were close to emmetropia. When cumming refracted these patients, even if they were best-corrected for distance, the patients were able to read at J3 or better under dim light. slit-lamp examinations in these patients found that the plate haptic lenses had a tendency to vault more posteriorly than was observed with a three-piece ioL. To confirm these observations, an ultrasound study was performed and found that the plate haptic lenses consistently moved to the posterior part of the capsular bag and compressed the vitreous 50% of the time when the patients accommodated to read.
The ultrasound study found that the most anterior location was only 0.77mm in front of the original location of the posterior capsule. By comparison, when three-piece ioLs were looked at, this lens design reduced the vitreous cavity only 20% of the time and lengthened it by as much as 2.17mm. As a result of this work, cumming began to develop a new lens that was designed to increase accommodation. The first prototype was implanted in 1991, with the design being modified as cumming and his colleagues worked to achieve the ideal optic/haptic combination. Thirteen years later, in 2003, the crystalens AT-45 was approved for use in the us by the us food and Drug Administration (fDA) and a new era in ioL surgery and presbyopia correction had begun.
The main concept of the crystalens ioL was to make the optic smaller than standard ioLs while the haptics were designed to be longer. The optic was 4.5mm for the original AT-45 model. The reason for reducing the optic size was to create a greater range of travel for a given angle of deflection. With this design, the crystalens is intended to have two mechanisms of action:
forward axial movement of the lens and optic arching. When implanted in a posterior vaulted position within the capsular bag, the accommodative process causes the ciliary muscles to contract, displacing the vitreous mass, and causing forward motion of the crystalens. 3 review the current models offered by manufacturers, as well as the features and benefits. however, at the time of writing, only one accommodating ioL is commercially available in the us.
Crystalens AO (Bausch + Lomb)
This is the fifth generation of this silicone, one-piece accommodating ioL to be commercially available in the us and the rest of the world. The Ao combines the clinically proven accommodating ability of the crystalens with the aberration-neutral optic first available with the soflex and Akreos ioL platforms. The design is similar to the crystalens 5-0 with a 5mm optic and an overall length of 11.5mm (17-33D) and 12mm (10-16.75D).
The benefits of an aspheric optic include better vision quality relative to standard spherical ioLs as well as more predictable and repeatable refractive outcomes (see Figure 1) . 4, 5 in addition, because the Ao has consistent power across the entire surface of the optic, the optical performance of the crystalens is generally unaffected by pupil size, mild tilt, or decentration of the optic. This makes the Ao more forgiving, particularly when compared with the previous version of the crystalens, the hD.
The Tetraflex (LensTec)
This hydrophilic acrylic lens has a 5.5mm optic with an overall length of 11.5mm and is available in 0.2D steps. The Tetraflex is available outside the us and is currently undergoing review by the fDA for pre-market approval. The lens has a 5º anterior vault that is designed to enhance movement during ciliary muscle contraction.
Akkommodative 1-CU (Human Optics)
This one-piece accommodative ioL is a hydrophilic acrylic with an optic of 5.5mm and an overall diameter of 9.8mm. There is little information regarding the proposed mechanism of action of this ioL, although a 2006
article indicates a similar concept to that of the crystalens: forward movement of the ioL as the ciliary muscles contract. 6 Tek-Clear Accommodative Intraocular Lens (Tekia)
This one-piece hydrophilic acrylic lens has a 5.5mm optic with an overall length of 10-11mm, depending on the ioL power. According to the manufacturer, the design of the Tek-clear utilizes a 'bending-beam' approach intended to optimize the ioL movement as the ciliary muscle contracts and relaxes during the accommodating process. The lens has a square edge, which the company indicates is designed to reduce posterior capsule opacification in order to maintain capsular bag flexibility.
Clinical Results
As it is the only single-piece accommodative ioL approved in the us, the published clinical results on the crystalens ioL are more extensive than the other available lenses. for the purposes of this article, we will provide a brief review of the most recently available clinical data for each lens.
Crystalens AO
As part of the initial commercial introduction of this lens, the manufacturer conducted feasibility studies and monofocal ioL groups.
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The Importance of Quality of Vision
With ever-increasing numbers of cataract patients opting for presbyopiacorrecting ioLs, more scrutiny will be placed on the visual outcomes and quality of vision provided by these lenses. As mentioned in this article's introduction, the visual trade-offs experienced by patients implanted with multifocal ioLs have been well documented. 2 on the other hand, none of the matters, such as glare, halos, or reduced contrast sensitivity, have been seen in patients implanted with accommodative ioLs. This is attributable to the moving single point of focus in these lenses. or, in the case of the crystalens Ao, an aberration-neutral, aspheric optic. This design should provide better quality of vision, with no reduction in contrast sensitivity following surgery.
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The crystalens Ao is designed so that the aspheric anterior and posterior surfaces create no spherical aberration. in addition, due to the aberration neutrality of the optic, this ioL is suitable for all patient types; and, whereas visual performance of multifocal ioLs can be compromised by optical misalignment or pupil decentration, the performance of the crystalens Ao is not impacted by less-than-optimal conditions. What this also means is that when patients are implanted with this single-optic accommodating ioL, 100% of available light rays are available at all distances-so patients 
